DevelopmentofaTwo-Wheels CasterTypeof Odometer with a Dual Shaft for Omnidirectional Mobile Robots  by Ushimi, Nobuhiro & Aoba, Yuuki
 Procedia Engineering  41 ( 2012 )  163 – 169 
1877-7058 © 2012 Published by Elsevier Ltd.
doi: 10.1016/j.proeng.2012.07.157 
International Symposium on Robotics and Intelligent Sensors 2012 (IRIS 2012)
Development of a Two-Wheels Caster Type of Odometer
with a Dual Shaft for Omnidirectional Mobile Robots
Nobuhiro Ushimia∗, Yuuki Aobaa
a Faculty of Engineering, Kyushu Sangyo University, 2-3-1 Matsukadai Higashi-ku, Fukuoka 813-8503, Japan
Abstract
This paper proposes a Two Wheels Caster (TW-Caster) type of odometer for dead reckoning of Omni-Directional Mobile Robots
(ODMRs). The proposed TW-Caster is composed of two passive wheels and one passive rotational axis with a dual shaft. The
two wheels rotate independently, and the rotational axis changes orientation of the TW-Caster as the ODMR motion. Angular
velocities of the two wheels and rotational axis are measured by three rotary encoders using a gear train. A mechanism of the gear
train is proposed to prevent the encoder from being entangled with itself. Using measured values of the three encoders, the current
velocity vector of the ODMR is calculated by kinematics of the TW-Caster. The current position and orientation of the ODMR are
estimated by the dead reckoning of the TW-Caster.
c© 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of the Centre of Humanoid Robots and
Bio-Sensor (HuRoBs), Faculty of Mechanical Engineering, Universiti Teknologi MARA.
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1. Introduction
Controlling mobile robots accurately to avoid static and dynamic obstacles is an important technique for safety
in mobile robot navigation [1][2]. In the mobile robot navigation, the use of Omni-Directional Mobile Robots
(ODMRs) [3][4] is especially expected to be optimum in narrow and complicated indoor ﬂoors such as ofﬁces with
human beings, because the ODMR can move in any direction, and furthermore the ODMR can assist human beings in
everyday life [5]. The ODMR has the advantage of easy motion planning, unlike a car-like robot or differential drive
type of mobile robot, because consideration of non-holonomic constraints is not needed.
In case of the differential drive type of mobile robot, the current position and orientation can be easily estimated by
dead reckoning using two rotary encoders attached on the axle of two driving wheels. Note that attaching the shafts
of the encoders directly with the shafts of the driving wheels deteriorates the dead reckoning accuracy, because of
slips of the driving wheels. In case of the ODMR with a special type of driving wheel, attaching a rotary encoder
shaft directly to a driving wheel shaft of the ODMR results in great error [6]. The use of rotary encoder information
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Fig. 1. (a) Components of the TW-Caster; (b) The TW-Caster with three rotary encoders
is unfavorable to the ODMR control, and the driving wheel slip is not measured by the rotary encoder attached to the
driving wheel shaft. Even if a normal wheel is used for the driving wheels of the ODMR, dead reckoning errors by
acceleration and deceleration can not be neglected. The ODMR thus requires a special sensor to measure the current
position and orientation for the accurate control.
In this paper, we propose a Two Wheels Caster (TW-Caster) type of odometer for the dead reckoning of the ODMR
and the measurement of the driving wheel slip. The TW-Caster has characteristic omnidirectional motion. The TW-
Caster avoids the inﬂuence of slips of driving wheels, because the mechanism of the TW-Caster is independent of the
ODMR driving wheel. The TW-Caster is composed of two passive wheels and one passive rotational axis with a dual
shaft. The two wheels rotate independently, and the rotational axis changes the orientation of the TW-Caster. Angular
velocities of the two wheels and rotational axis are measured by three rotary encoders. When the encoder itself rotates
with the axle of the two wheels, the connecting wire of the encoder may be entangled with the rotational axis. In
order to solve a wiring problem by multiple caster rotation, gear train and dual shaft mechanisms are proposed. Using
measured values of the three rotary encoders, the current velocity vector of the ODMR is calculated by kinematics
of the TW-Caster. The current position and orientation of the ODMR are estimated by the dead reckoning of the
TW-Caster. The effectiveness of the proposed TW-Caster is shown in experimental results.
2. Design
2.1. TW-Caster design
Components of the TW-Caster (Fig. 1(a)) include two passive wheels and one passive rotational axis, because the
TW-Caster needs 3 degrees-of-freedom (DOFs) to estimate the current velocity vector (x˙, y˙, θ˙ ) of the ODMR. The
two wheels are driven independently, and the rotational axis freely changes orientation of the TW-Caster. The TW-
Caster measures angular velocities (ωR, ωL) of the two wheels and the rotational angular velocity ωD of the rotational
axis. In an example of TW-Caster motion, if the point of the rotational axis moves forward with velocity v f , the two
wheels rotate with the same angular velocity (ωR =ωL). If the point of the rotational axis moves laterally with velocity
vs, the two wheels rotate in the opposite direction with the same angular velocity (ωR =−ωL). The two wheels track
the motion of the point at the rotational axis for any direction of motion. In other words, the point at the rotational
axis has omnidirectional motion on a plane.
The TW-Caster specially developed for the ODMR is independent of ODMR driving wheels. The TW-Caster
requires omnidirectional motion and 3-DOFs. The developed TW-Caster is shown in Fig. 1(b). In Fig. 1(b), the radius
ro of the wheel = 30.0[mm], the tread of two wheels = 60.0[mm], and the offset between the two wheels axle and the
rotational axis = 50.0[mm]. Angular velocities (ωR, ωL, ωD) are measured by three rotary encoders (R, L, D) (E6A2-
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Fig. 2. (a) Front view of the TW-Caster; (b) Gear train of the TW-Caster
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Fig. 3. The mechanism of the rotational axis by using the dual shaft
CW3C; 500[pulse/rev]; OMRON-made). The rotation of the two wheels is transmitted to the two encoders using a
gear train and a dual shaft. The gear train is composed with spur gears and bevel gears, and the gear train mechanism
solves the wiring problem by multiple caster rotation, because the wire of the rotary encoder is entangled with the
axis of the caster. The gear train mechanism is shown in Fig. 2(a). A schematic of the gear train corresponding to
Fig. 2(a) is shown in Fig. 2(b). Symbols (G1-G6) are spur gears. In this mechanism, ωR of the wheel(R) is transmitted
from G1 to G2 by bevel gears and spur gears, and is measured by the rotary encoder(R). Similarly, ωL of the wheel(L)
is transmitted from G3 to G4 by bevel gears and spur gears, and is measured by the rotary encoder(L). The rotary
encoder(D) measures the rotational angular velocity of the rotational axis. The spur gear G5 is ﬁxed to the TW-Caster.
The rotational angular velocity ωD is transmitted from G5 to G6, and is measured by the rotary encoder(D).
The rotational axis has the dual shaft mechanism to transmit the rotational angular velocity of the two encoders(R, L).
A schematic of the dual shaft mechanism is shown in Fig. 3. For example in this mechanism, the rotation of the
input(L) is transmitted by the gears and shaft(L) through the shaft(R). The rotation of the input(R) is transmitted by
the gears and shaft(R). Note that the rotation of the rotational axis interferes in the measurement of the two rotary
encoders(R, L) using the gear train. Measured values are modiﬁed by the following equations:
p′R = pR−
z1
z2
z6
z5
pD (1)
p′L = pL−
z3
z4
z6
z5
pD (2)
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Fig. 4. (a) The experimental ODMR; (b) The suspension mechanism of the TW-Caster
where zi (i =1-6) is the number of teeth in spur gears, (pR, pL, pD) are the number of output pulses from rotary
encoders, and (p′R, p′L) are modiﬁed values of (pR, pL). The modiﬁed values (p′R, p′L) are used for calculation of
(ωR, ωL).
2.2. Experimental ODMR design
The driving mechanism of an experimental holonomic ODMR is shown in Fig. 4(a). The driving mechanism of
the ODMR consists of four special driving wheels with free rollers each 90 degrees apart. The size of the ODMR =
W468[mm]×D468[mm], and the radius of the driving wheel = 51.5[mm]. The four wheels are driven by four DC
motors. All power sources for motors and other devices are inside the ODMR. The TW-Caster is ﬁxed on the center
of the ODMR. The TW-Caster has the suspension mechanism to guarantee continuous contact of two wheels with
ﬂoors (Fig. 4(b)) [7]. The suspension gives a pre-load to the point of contact between the two wheels and the ﬂoor for
preventing slippage, and copes with small differences in the ﬂoor such as uneven joints of tiles and carpets.
3. Kinematics of the TW-Caster
A schematic of the experimental holonomic ODMR with the TW-Caster is shown in Fig. 5. The current ODMR
velocity vector is given by kinematics of the TW-Caster. Notation in Fig. 5 is as follows:
Ow−XwYw : World coordinates
Os−XsYs : Caster coordinates ﬁxed at the center of the caster rotational axis
Or −XrYr : Robot coordinates ﬁxed at the center of the ODMR
ωR, ωL : Angular velocity of the two wheels
ωD : Rotational angular velocity of the caster rotational axis
ro : Radius of caster wheels
s : Offset of the caster rotational axis
W : Tread of the two caster wheels
θs : Orientation of the caster in world coordinates
θw : Orientation of the ODMR in world coordinates
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Fig. 5. Schematic of the ODMR with the TW-Caster
The kinematic relationship between (ωR, ωL) and velocity of the origin Os is described by
⎡
⎣ x˙sy˙s
θ˙s
⎤
⎦=
⎡
⎢⎢⎢⎢⎣
ro
2
ro
2
sro
W
− sro
W
ro
W
− ro
W
⎤
⎥⎥⎥⎥⎦
[
ωR
ωL
]
(3)
where (x˙s, y˙s) are the translational velocity of Os along (Xs-axis, Ys-axis) in Ow−XwYw, and θ˙s is the rotational angular
velocity of the TW-Caster in Ow−XwYw. The translational velocity (x˙s, y˙s) corresponds to the translational velocity of
the ODMR, because the rotational axis of the TW-Caster is ﬁxed with the ODMR. The TW-Caster is rotated relatively
with ωD to the ODMR. The rotational angular velocity ωD is given by
ωD = θ˙s− θ˙w (4)
where θ˙w is the rotational angular velocity of the ODMR in Ow −XwYw, and θ˙s is calculated from Eq. (3). θ˙w is
therefore calculated by Eq. (4).
We consider kinematics of the ODMR based on the TW-Caster. The originOr corresponds to the originOs (Fig. 5),
and (xw, yw) are the coordinates ofOr inOw−XwYw. The translational velocity (x˙w, y˙w) and rotational angular velocity
θ˙w in Ow−XwYw are described by⎡
⎣ x˙wy˙w
θ˙w
⎤
⎦=
⎡
⎣ Cθs −Sθs 0Sθs Cθs 0
0 0 1
⎤
⎦
⎡
⎣ x˙sy˙s
θ˙s
⎤
⎦+
⎡
⎣ 00
−ωD
⎤
⎦ (5)
where Cθs ≡ cosθs, Sθs ≡ sinθs, and θs is the integration value of θ˙s calculated from Eq. (3). Substituting Eq. (3) into
Eq. (5) yields
[x˙w, y˙w, θ˙w]T = F [ωR, ωL, ωD]T (6)
F=
⎡
⎢⎢⎢⎢⎣
ro
2
Cθs−
sro
W
Sθs
ro
2
Cθs+
sro
W
Sθs 0
ro
2
Sθs+
sro
W
Cθs
ro
2
Sθs−
sro
W
Cθs 0
ro
W
− ro
W
−1
⎤
⎥⎥⎥⎥⎦
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Fig. 6. Experimental conditions of the dead reckoning
Note that the matrix F is nonsingular because the matrix F has full rank with the proviso that s is not a zero, and
the current ODMR velocity vector is given continuously. The current velocity vector of the ODMR is calculated
by Eq. (6). The calculated velocity vector avoids the inﬂuence of driving wheel slips, because the TW-Caster is
independent of the wheel driving mechanism of the ODMR. By integrating Eq. (6), the current position and orientation
of the ODMR are estimated by the dead reckoning.
4. Dead reckoning
4.1. Experimental conditions
Experimental conditions of the dead reckoning by using developed TW-Caster are shown in Fig. 6. The experi-
mental conditions are given by three motion paths, namely, a straight line path, a slant path, and a right-angled path.
In the case of the straight line path, the ODMR with the TW-Caster moves along the straight line from (0.0, 0.0)[mm]
to (1000.0, 0.0)[mm]. The orientations of the ODMR and TW-Caster are consistent with x-axis at the initial position
(0.0, 0.0)[mm]. The ODMR does not change the orientation until the goal position (1000.0, 0.0)[mm]. In the case
of the slant path, the ODMR with the TW-Caster moves at the slant from (0.0, 0.0)[mm] to (500.0, 500.0)[mm]. The
orientations of the ODMR and TW-Caster are consistent with x-axis at the initial position (0.0, 0.0)[mm]. The ODMR
does not change the orientation until the goal position (500.0, 500.0)[mm]. In the case of the right-angled path, at
ﬁrst, the ODMR with the TW-Caster moves from (0.0, 0.0)[mm] to (500.0, 0.0)[mm]. Secondly, the ODMR moves
from (500.0, 0.0)[mm] to (500.0, −500.0)[mm]. The ODMR changes the orientation from 0.0[deg] to −90.0[deg]
while the ODMR moves from (500.0, 0.0)[mm] to (500.0, −500.0)[mm].
4.2. Experimental results
Experimental results of the dead reckoning by using developed TW-Caster are shown in Fig. 7. The position and
orientation of the ODMR by the dead reckoning are estimated at 10 times every three motion paths, namely, the
straight line path, the slant path, and the right-angled path. The distributions of the estimated position errors at the
goal position by the three motions are shown in Fig. 7(a)(b)(c). The averages of estimated data at the goal position
are shown in Table 1. The deviations (σx,σy,σθ ) of the estimated errors are calculated and are shown in Table 2.
The experimental results conﬁrmed that the developed TW-Caster with the gear train and dual shaft had sufﬁcient
precision to estimate the position and orientation of the ODMR by the dead reckoning.
5. Conclusions
This paper has proposed the TW-Caster type of odometer to estimate the current position and orientation of the
ODMR. The points of this paper are summarized as follows:
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Table 1. The average of estimated position and orientation
path x [mm] y [mm] θ [deg]
straight line 998.4 0.47 -0.35
slant 500.4 497.6 -1.58
right-angle 501.5 -501.2 -89.91
Table 2. The deviation of estimated data
path σx [mm] σx [mm] σθ [deg]
straight line 0.99 0.69 0.01
slant 1.05 1.05 2.07
right-angle 2.02 2.52 1.51
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Fig. 7. Experimental results of (a) straight line motion, (b) slant motion, and (c) right-angled motion
1. The TW-Caster type of odometer is proposed. The proposed TW-Caster is composed of two passive wheels and
one passive rotational axis with the dual shaft.
2. The estimation method of the current position and orientation of the ODMR by the dead reckoning using the
TW-Caster is proposed.
3. The developed TW-Caster has the mechanism of the gear train to solve a wiring problem.
4. Some experimental results show the effectiveness of the developed TW-Caster.
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